Introduction {#Sec1}
============

Coronavirus (COVID-19) pandemic cut across more than 190 countries in the first 20 weeks after its emergence. It started from Wuhan in China, and by mid-March 2020 more than 334,000 people were affected with about 14,500 death cases. The number of positive cases is about 1,210,956 and the number of fatality cases reaches 67,594 by the beginning of April 2020 \[[@CR1]\]. It is clear that different people exhibit different behavior regarding the epidemic within the same country and from one country to the other. Mathematical models help in predicting the course of the pandemic and also help in determining why the infection is not uniform \[[@CR2], [@CR3]\]. Health systems also use such results as tools in deciding the type of control measures to be adopted. They also help them in deciding the time and places that need applications of the controls. Therefore, it is of paramount importance to understand the transmission dynamics of the disease and to predict whether the control measures available will help in curtailing the spread of the disease \[[@CR4], [@CR5]\].

The first case of COVID-19 in Nigeria was recorded on February 27, 2020, in Lagos \[[@CR6]\]. Federal Ministry of Health in Nigeria started the course of action by screening travelers and shutting down schools from the mid of March 2020. However, compared to the course of the epidemic in western countries, either the number of asymptomatic cases in Nigeria was higher or the epidemic in Nigeria progressed through a slow phase. In the absence of an effective vaccine for COVID-19 prevention, the only remaining options are prevention of further influx of migrant cases at airports and seaports and contact tracing. China learned from its experience that only complete shut down prevented further spread, and Italy learned from its experience that negligence of communities towards simple public health strategies leads to uncontrolled morbidity and mortality. This prompted the action of the government of Nigeria in imposing 14-day lockdown in some of its states starting on March 30, 2020 \[[@CR6]\].

Many studies suggest that from the beginning of coronavirus infection to hospitalization takes the maximum of 10 days, and the incubation period is 2 to 14 days maximum \[[@CR7], [@CR8]\]. Also the time between the start of symptomatic manifestations and death is approximately 2--8 weeks \[[@CR9]\]. Another study reports that the duration of viral shedding is 8--37 days \[[@CR10]\]. A lot of factors help in providing the effectiveness of the intervention strategies, and as recommended by a recent report, it is vital to estimate the optimal periods to implement each intervention \[[@CR11]\]. A lot of countries have implemented the strategy of self-quarantine to prevent spread of the virus. Hence, it is of paramount importance to mathematically study the significance of the lockdown in mitigating the spread of COVID-19 with respect to each country, since the contact patterns between individuals are highly non-homogeneous across each population.

It is important to note that, in the classical order model, the state of epidemic model does not depend on its history. However, in real life memory plays a vital role in studying the pattern of spread of any epidemic disease. It was found that the waiting times between doctor visits for a patient follow a power law model \[[@CR12]\]. It is worth to know that Caputo fractional time derivative is a consequence of power law \[[@CR13]\]. When dealing with real world problem, Caputo fractional-order derivatives allow traditional initial and boundary conditions. Furthermore, due to its nonlocal behavior and its ability to change at every instant of time, Caputo fractional order gives better result than the integer order \[[@CR14]--[@CR20]\].

In recent studies, Khan et al. \[[@CR21]\] studied a fractional-order model that describes the interaction among bats and unknown hosts, then among people and seafood market. To predict the trend of the coronavirus Yu et al. \[[@CR22]\] constructed a fractional time delay dynamic system that studied the local outbreak of COVID-19. Also, to predict the possible outbreak of infectious diseases like COVID-19 and other diseases in the future, Xu et al. \[[@CR23]\] proposed a generalized fractional-order SEIQRD model. Shaikh et al. \[[@CR24]\] used bats-hosts-reservoir-people transmission fractional-order COVID-19 model to estimate the effectiveness of preventive measures and various mitigation strategies, predicting future outbreaks and potential control strategies. Many models in the literature studied the dynamics of COVID-19, some predicted the number of susceptible individuals in a given community, but none of them to our knowledge studied the significance or otherwise of the embattled lockdown. Also most of these models were integer-order models.

The main aim of this research is to study a fractional-order epidemic model that investigates the significance of lockdown in mitigating the spread of COVID-19. Based on the memorability nature of Caputo fractional-order derivatives, this model can be fitted with data reasonably well. Then, based on the official data given by NCDC every day, several numerical examples are exhibited to verify the rationality of the fractional-order model and the effectiveness of the lockdown. Compared with an integer-order system ($\documentclass[12pt]{minimal}
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                \begin{document}$\upsilon = 1$\end{document}$), the fractional-order model without network is validated to have a better fitting of the data on Nigeria.

This paper is organized as follows. In Sect. [2](#Sec2){ref-type="sec"}, preliminary definitions are given. In Sect. [3](#Sec3){ref-type="sec"}, the fractional-order model for COVID-19 in the Caputo sense is formulated. In Sect. [4](#Sec4){ref-type="sec"}, existence and uniqueness of the solution of the model is established. In Sect. [5](#Sec5){ref-type="sec"}, stability analysis of the solution of the model in the frame of Ulam--Hyers and generalized Ulam--Hyers is given. Section [6](#Sec6){ref-type="sec"} contains the numerical scheme and numerical simulations to illustrate the theoretical results. Finally, conclusion is given in Sect. [7](#Sec7){ref-type="sec"}.

Preliminaries {#Sec2}
=============

Definition 1 {#FPar1}
------------
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Formulation of the model {#Sec3}
========================
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Existence and uniqueness results {#Sec4}
================================

The theory of existence and uniqueness of solutions is one of the most dominant fields in the theory of fractional-order differential equations. The theory has recently attracted the attention of many researchers, we are referring to \[[@CR26]--[@CR31]\] and the references therein for some of the recent growth. In this section, we discuss the existence and uniqueness of solutions of the proposed model using fixed point theorems. We simplify the proposed model ([4](#Equ4){ref-type=""}) in the following setting: $$\documentclass[12pt]{minimal}
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Proof {#FPar5}
-----
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Next, we prove the existence of solutions of problem ([7](#Equ7){ref-type=""}) which is equivalent to the proposed model ([4](#Equ4){ref-type=""}) by employing the concept of Schauder fixed point theorem. Thus, the following assumption is needed.$\documentclass[12pt]{minimal}
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Lemma 2 {#FPar6}
-------

*The operatorPdefined in* ([10](#Equ10){ref-type=""}) *is completely continuous*.

Proof {#FPar7}
-----

Obviously, the continuity of the function $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\sup_{(t, \varPhi )\in J\times \mathbf{B}_{\kappa }} \vert \mathcal{K}(t, \varPhi (t)) \vert =\mathcal{K}^{*}$\end{document}$. Then, for any $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$t_{1},t_{2}\in J$\end{document}$ such that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$t_{2}\ge t_{1}$\end{document}$, it gives $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \begin{aligned}[b] \bigl\vert (P\varPhi ) (t_{2})-(P\varPhi ) (t_{1}) \bigr\vert &= \frac{1}{\varGamma (\upsilon )} \biggl\vert \int _{0}^{t_{1}}\bigl[(t_{2}-\tau )^{ \upsilon -1}-(t_{1}-\tau )^{\upsilon -1}\bigr]\mathcal{K}\bigl(\tau , \varPhi ( \tau )\bigr)\,d\tau \\ &\quad{} + \int _{t_{1}}^{t_{2}}(t_{2}-\tau )^{\upsilon -1} \mathcal{K}\bigl(\tau , \varPhi (\tau )\bigr)\,d\tau \biggr\vert \\ &\le \frac{\mathcal{K}^{*}}{\varGamma (\upsilon )} \bigl[2(t_{2}-t_{1})^{ \upsilon }+ \bigl(t_{2}^{\upsilon }-t_{1}^{\upsilon }\bigr) \bigr] \\ &\rightarrow 0,\quad \text{as } t_{2}\rightarrow t_{1}. \end{aligned} $$\end{document}$$ Hence, the operator *P* is equicontinuous and so is relatively compact on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\mathbf{B}_{\kappa }$\end{document}$. Therefore, as a consequence of Arzelá--Ascoli theorem, *P* is completely continuous. □

Theorem 2 {#FPar8}
---------
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Proof {#FPar9}
-----
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Stability results {#Sec5}
=================

In this section, we derive the stability of the proposed model ([4](#Equ4){ref-type=""}) in the frame of Ulam--Hyers and generalized Ulam--Hyers stability. The concept of Ulam stability was introduced by Ulam \[[@CR32], [@CR33]\]. Then, in several research papers on classical fractional derivatives, the aforementioned stability was investigated, see for example \[[@CR34]--[@CR38]\]. Moreover, since stability is fundamental for approximate solution, we strive to use nonlinear functional analysis on Ulam--Hyers and generalized stability of the proposed model ([4](#Equ4){ref-type=""}). Thus the following definitions are needed. Let $\documentclass[12pt]{minimal}
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Definition 3 {#FPar10}
------------

The proposed problem ([7](#Equ7){ref-type=""}), which is equivalent to model ([4](#Equ4){ref-type=""}), is Ulam--Hyers stable if there exists $\documentclass[12pt]{minimal}
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Definition 4 {#FPar11}
------------

Problem ([7](#Equ7){ref-type=""}), which is equivalent to model ([4](#Equ4){ref-type=""}), is referred to as being generalized Ulam--Hyers stable if there exists a continuous function $\documentclass[12pt]{minimal}
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Remark 1 {#FPar12}
--------
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Lemma 3 {#FPar13}
-------
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Proof {#FPar14}
-----
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Proof {#FPar16}
-----
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Numerical simulations and discussion {#Sec6}
====================================

Herein, the fractional variant of the model under consideration via Caputo fractional operator is numerically simulated via first-order convergent numerical techniques as proposed in \[[@CR39]--[@CR41]\]. These numerical techniques are accurate, conditionally stable, and convergent for solving fractional-order both linear and nonlinear systems of ordinary differential equations.

Consider a general Cauchy problem of fractional order having autonomous nature $$\documentclass[12pt]{minimal}
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Using the fractional-order integral operators, one obtains $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ y(t)=y_{0}+J^{\upsilon }_{0,t} g\bigl(y(t)\bigr), \quad t \in [0, T], $$\end{document}$$ where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$q=0,1,\ldots, n$\end{document}$. The numerical technique for the governing model under Caputo fractional derivative operator takes the form $$\documentclass[12pt]{minimal}
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Now we discuss the obtained numerical outcomes of the governing model in respect of the approximate solutions. To this aim, we employed the effective Euler method under the Caputo fractional operator to do the job. The initial conditions are assumed as $\documentclass[12pt]{minimal}
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Considering the values in the table, we depicted the profiles of each variable under Caputo fractional derivative in Fig. [1](#Fig1){ref-type="fig"} with the fractional-order value $\documentclass[12pt]{minimal}
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Conclusions {#Sec7}
===========

In conclusion, we studied a system of five nonlinear fractional-order equations in the Caputo sense to examine the significance of lockdown in mitigating the spread of coronavirus. The fixed point theorems of Schauder and Banach respectively were employed to prove the existence and uniqueness of solutions of the proposed coronavirus model under lockdown. Stability analysis in the frame of Ulam--Hyers and generalized Ulam--Hyers was established. The fractional variant of the model under consideration via Caputo fractional operator has numerically been simulated via first-order convergent numerical technique called fractional Euler method. We depicted the profiles of each variable under Caputo fractional derivative with the fractional-order value $\documentclass[12pt]{minimal}
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                \begin{document}$\upsilon = 0.67$\end{document}$. The illustration and dynamical outlook of each variable with different fractional-order values were examined.
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